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1 . INTRODUCT ION

This report co’. ers t~e desi gn , fabrication , checkout and

launch of the lect ron ics sub-system for a qraz inq incidence ,

double-deck EU\ scanning spectrometer .

The personne l .ho worked on thi s cont ract were Robert S. Hi l l s ,

Norbe rt F. Rob~ rtie , Timoth y A. Doyle and Arthur A . Dean .

An electron ics ‘ystem similar to the system described in this

report was built for Spectrometer RM 608 unde r a sub .ontract

from Comstock F Wescott (Contract Fl9628—73-C-0253).

2. ELECTRON I CS

2 .1 Genera l

A separate electron ics sub—system was built for each deck

of the instrument. Each sub—system included a hi gh

voltage power supp ly, a divide r board , a pulse amp lifier

for each of the four detectors , and three logic cards ,

one of wh i ch mounted a dual plus and minus fifteen volt

power supp l y.

The three logic cards of each deck were mounted in a

single el€ ctronics box. Othe r than the common box and

a common ~ lectrical connector , the electronics of

each deck ~.,ere entire l y separate.

The current pulses from the four detectors we re pro-
cessed by the instrument electronics. The pulses

r were counted and the count converted to a binary coded
decima l number. The magnitude of the numbe r is a function

fr of the radiation intensity. The electron ics also

.I
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controlled the wavelength scan drive motor and generated

a decima l numbe r representing the wavelenth of the

radiation being processed by the detector elect ron i cs.

Each of the above decima l numbers , or words , consisted
of four decima l digits and each di git was comprised

of four binary coded decima l bits. In addition , a

16 bit synchronization word was genera ted which

facilitated the computer data reductkri .

The s ix  words descr ibed above (sync word , scan position

wo rd , and four detector words) made ur a PCM data frame

consisting of 96 bits (6 words of 16 bits each). A

separate PCM data channe l was used for each deck.

The frame rate was the same as the scan stepping rate
of 10 per second and was synchron ized wi th  it so that
the scanner wou ld move to the next position at the

beginning of the PCM frame (bit  1 of sync word) . A
timing diagram of the PCM data forma t rnd log ic wave-
forms is given in Figure 1. Note that the first two

bi ts of the PCM data are of grea te r a m l itu de than
the rema ining b i ts .  This permitted th.~ start of each
frame to be detected by amp litude discrimination , in lieu
of d ig i ta l techniques requiring compar son of 16 hits.
Thus , the ground support equipment was great ly
simp l i f ied to work rel iabl y on clear strong signals
present in the laboratory and prior to launch. The
d ig i tal  sync word was used by the comp iter for reducing
actua l f light data.

-2-
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For fli ght the PCM data were brought through the inter-

face connector and were used to modulate IR I G channels

18 and 19 subcarrier oscillators in an S-band telemetry

deck. These subcarr ier channels have a nomin al rise

time of 330 and 250 microseconds wh i ch is more than

adequate for t ransmission of the PCM si gnal which has

a non-return—to—zero form and a bit width of 1041.6

microseconds.

in addition to the PCM data si gnals containing the

detector photon counts and wavelength information ,

three voltage monitors for each deck were also brought

out to the interface connector and were comutated

onto a low frequency subcarrier oscillator. The

commutator , described in a later paragraph , i ncor-

porated sixteen segments and each segment was sampled

for two seconds. This samp le time was chosen to permit

the commutator output to be read on a simp le voltmeter ,

the two seconds g iving enough time for the monitor
voltage to settle out and be observed before the

commutator would move to the next segment. The monitors

for each deck were:

a) High voltage on the dt~tectors.

b) +13 volt internal power supp l y.
c) -13 volt internal power supp l y.

The instrument operated from a 28 volt (nominal) Nicad 24

a cell battery with a one ampere-hou r capacity located

external to the instrument. The battery voltage was

also mon itored and commutated.

I ~~~~~~~~~ —__________ — — —~~~~~~~
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All the integrated circuit logic was of the corn-

) lementary symmetry, metal  oxide semiconductor
(COS/MOS) type .

2.2 Ph ys ica l Confi guration

)
Each electronicssystern was made up of three sect i ons:

Four analog pulse amplifiers located or the channel-

electron-multi plier assemblies on the roving carriage ,

three digital-logic cards located in a box at the rear

of the instrument housing, and high voltage assemblies

board located on top of the housing. E u a l  (+ 13V , - 13V )
low voltage regulated power supplie s w& re mounted on

the di gital-log ic cards. Hence , all electron i cs were

internal to the housing and shielded from receiving

or producing external radio frequency interference .

The card box was also shielded from the detectors

and vented direct l y to the outside of the housing

away from the instrumen t entrance aperture . The

instrument electrica l interface connectors were hard

mounted to the housing.

2.3 Circuit Descri ption

A Block Diagram of the instrument electronics is

given in Fi gure 2.

Each detector amp l i f ie r  was used to feed pulses to a
separate pho on counter (consist ing of four decade
counters) on a s ingle counter card . The binary-coded— 

•

decima l output from the count ers representing the
numbe r of photons col lected by the detector in 83.3
mil l iseconds weas t ransferred to the 16 bi t  shift
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reg ister and shifted out as words three through six

to the PCM output line during the following frame .

A modification of the accumulation time of the two

shortest wavelength detectors in the l ower deck was

made , chang ing the time from 83.3 m illi seconds to

33.3 milliseconds. This prevents overfi lling the

counters on 281+ 2 and 630 2, which are wavelengths
at wh i ch the sun 1 s radiation intensity has increased

great l y since the instrumen t was desi gned .

The wavelength—scanner position was counted in four

decade counters on the motor drive readout cards ,

transferred to a 16 bit shift reg ister , and shifted

out as word two.

The sync word (1110 10101100 1011) was generated on the

time r card and was shifted out as word one of the

PCM frame .

The six PCM words were comb i ned , and processed on the

PS/test/output card to g ive a nominal 5 volt si gnal

to the FM/FM telemetry deck . This card also contained

a test oscillator wh i ch , when enabled by the GSE con-

sole, generated 25,000 pulses/second to check the
operation of the pulse amp lifi ers and counters. A

DC-to-DC regulated power supp l y, also on this card ,

changed the battery 28 volts to +13 vots and -13 volt s

needed by the pu lse amp l i f iers and integrated c i r c u i t s .

t
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he logic circui ts for driving the four-position

‘~tepping motor were included with the scanner

position circuits on the motor drive/timer card.

“he timer card contained , in addition to the sync

word generator , the PCM clock oscillator and logic

circuits to generate the necessary sync pulses ,

shift pulses , load , inhibit , and counter reset signals.

The clock oscillator was crystal controlled to .01

pe rcent in frequency .

As shown in the timing diagram , the transfe r and reset

counter si gnals occur during the first half of the

first word of the PCM frame. The photon counters were

inhibited during the whole first word and thus

accummulated counts during five-sixths of the frame

or 83.3 milliseconds , except for the two counters

which accummulated counts during two-sixths of the

frame or 33.3 millisecond s .

The high voltage power suppl y operated from the 28

volt battery and produced 3000 volts. The output vol-

tage was filtered and applied to the anodes of the

four detectors. A resistor divide r was used to suppl y

400 volts to the throat terminals of the detectors.

Als o, a tap at approx i mate l y 4 volts was used for a

voltage monitor.

2.4 Conriutator

f The commutator combined onto one channe l the monitor

4 voltages of both instruments and the instrumen t battery.

_ _-  ~~
i_ _ 

--



The commutated signal was t ransmitted on subcarrier

IR IG channel 10. The commutator operates directly

from the instrument battery and performs correctly

if the battery voltage is more than 18 volts.

3. FiELD SERVICE

3.1 Integration at Ball Aero-Space Division (BASD)

The Double Deck Spectrometer , with the mounted

Electron Spectrometer , was checked electricall y with

the consoles on the bench at BASD , Bou l de r , Colorado

A p r i l  23 ,  1979.

The Spectrometers were mounted on the pointing contro l

pedestal April 24, and operated correctl y through

the rocket wiring.

An operation check was run using the system time r ,

sun gun , and te l emetry to the l oca l ground station .

Operation was satisfactory , wi th no interfe rence

between experiments or from the pointing con t rol.

The photometer electronics was also operating in

its own extension can , and operated correct l y with

no interfe rence .

The remainde r of the photometer extension can wiring

was done on April 25 and April 26. The door squibs

were fired during a separate photometer test . The
a 

photometer can was mounted on the shake table and
operated in the launch mode during a u randomi

shake i n the thrust axis with no failure .

Personne l returned to Boston on Friday , April 27,

with the instruments and consoles.

-7-
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3.2 Launch At White Sands Missile Range , New Mexico

Robert Hil l s  of Tn -Con Associates , Inc. prov i ded

eng ineering field service for launch of the

electronics sub—system of the EUV Spectr meter at

White Sands Launch Comp lex 36. Ei ght dais of work

wer~ required. A detailed report of the field tri p

was written and attached to Quarterl y St ~tus Report

No. 1 1.

Since that report was wri tten a closer look has been

taken at the data. Robert Hi l l s  made strip chart

records by play ing the flight tape back throug h the

console and a brush recorder. The electron i cs

operated correct l y throughout the f l i ght. However ,

three of the ei ght channe l electron multiplier

detectors had .1 problem , possibl y due to insuffi-

cient pumpout :ime . The rocket apogee ~as l ower

than predicted and the atmospheric density hi gher

than during previous launches , but sufficient data

were collected to achieve the objectives of the

mission .

-8-
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